Abstract Background: Scapular body fractures generally occur as a result of high-energy, direct trauma to the shoulder sustained in automobile accidents. While such mechanisms have been well described, little is known about scapular body fractures sustained during sporting activities. Questions/Purposes: We sought to systematically review the literature on scapular body fracture sustained during sporting activity, recording rates and mechanisms of injury, management strategies, and return-to-sport times. Methods: Following Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, we performed a systematic review of studies conducted between 1985 and 2017. Inclusion criteria were studies examining scapular body fractures sustained during sporting activity, fracture management, and patient outcomes. Exclusion criteria were studies on non-sporting-related fractures and those not reporting fracture management or patient outcomes. Results: Nine studies encompassing ten cases of scapular body fracture sustained during sporting activity were identified, with acute trauma responsible for 70% of fractures. No patient sustained any associated injuries. Fractures were treated conservatively in 90% of cases, with no reported complications. Mean overall time to return to sport was 2.5 months, while no significant difference in return to sport was appreciated in athletes with acute versus fatigue fractures. Conclusion: Scapular body fractures in athletes occur primarily from muscle contraction against a resisted force in the upper extremity during contact sports. Unlike nonsporting fractures, these fractures usually involve lowenergy mechanisms without associated injury and conservative treatment is usually successful.
Introduction
Scapular body fractures represent less than 1% of all skeletal fractures [6, 12, 24] and generally occur secondary to highenergy, direct trauma to the shoulder sustained during motor vehicle accidents [9, 10, 12] . While high-energy mechanisms have been well described for scapular body fractures, little literature exists on scapular body fractures sustained during sporting activities. One recent review systematically examined the prevalence and impact of coracoid fractures in athletes [15] , but reports of other injuries to the shoulder girdle and specifically the scapular body in athletes have been limited to small case series and individual case reports [8] [9] [10] [11] [12] [13] [14] [15] [16] .
The purpose of this study was to systematically review the literature to better understand scapular body fractures sustained during sporting activities. The study sought to define (1) the reported injury rate of scapular body fractures sustained during sporting activities, (2) the mechanisms and sports responsible for injury, (3) fracture management and outcomes, and (4) timing for return to sport. We hypothesized we would find a low reported rate of injury, occurring primarily during contact sports and treated successfully with non-operative approaches.
Methods
A systematic review was conducted according to the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines using a PRISMA checklist [16] . The goal was to identify all studies related to scapular body fractures sustained during sporting activities published between January 1985 and June 2017. We considered a sporting activity as any physical activity in which the athlete was in competition against fellow athletes. Two reviewers independently conducted the search in June 2017 using the following databases: PubMed, Biosis Previews, SPORTDiscus, PEDro, and Embase. Each search included the following terms: sport AND athlete AND scapular body AND fracture.
Inclusion criteria were articles with English language or English translations, human subjects with documented scapular body fractures with reported sporting activity as causing injury, treatment (operative versus non-operative), and patient outcome. Exclusion criteria were non-English language, fractures secondary to non-sporting activities (falls, motor vehicle accidents, or any activity not meeting the definition of sport), and studies without reports of fracture management or patient outcomes.
Following the two independent authors' search of the databases, a total of 47 citations were identified (Fig. 1) . Following title and abstract assessment, a total of 37 full-text articles were selected for further evaluation. Of these studies, 19 were excluded due to fractures being sustained during non-sporting activities, the absence of data regarding sporting activity (n = 4 studies), or absence of data regarding fracture management (n = 3 studies). Following application of inclusion/exclusion criteria, a total of nine studies were identified for analysis. All references in each identified article were cross-referenced for inclusion to ensure all available studies were evaluated. Studies were grouped based on whether the injuries occurred secondary to acute trauma or chronic injury resulting in fatigue fracture.
Statistical analysis was utilized to compare mean time to return to sport in athletes based on injury mechanism (acute versus fatigue fractures). Due to small sample size, a Fisher's exact test was performed with a p value of < 0.05 used to determine statistical significance. Statistical analysis was performed using SPSS Statistics 23 (IBM, Armonk, NY, USA).
Results
Nine studies meeting inclusion criteria documented a total of ten cases of scapular body fracture sustained during sporting activity (Table 1) . Mean patient age at the time of injury was 25.1 ± 7.5 years, and all patients were male. The mean final follow-up time was 5.6 ± 5.6 months, while final follow-up was not reported in two cases [2, 25] .
Acute trauma to the shoulder was responsible for seven of ten cases (70%) of scapular body fracture. Injuries occurred secondary to contact and non-contact mechanisms during American football, ice hockey, wrestling, boxing, badminton, and water skiing [2-4, 17, 19, 26] . Forceful maximal internal or external rotation of the upper extremity against resistance was responsible for acute fractures in athletes participating in American football, wrestling, and water skiing [2] [3] [4] . Forceful swinging movements were responsible for fracture in those involved in ice hockey, boxing, and badminton [3, 4, 17] . Fatigue fractures to the scapular body were identified in three athletes. Mechanisms included repetitive stress across the shoulder from pitching in a baseball player, batting in an extended season in a cricket player, and jogging with hand weights in a runner [7, 11, 25] . No associated injuries to the remaining shoulder girdle were reported in any study.
Conservative management involving immobilization, activity cessation or modification, and physical therapy with progressive range-of-motion and strengthening exercises were reported in nine of ten athletes (90%). All patients with acute fractures treated conservatively were initially immobilized in a sling followed by early therapy (rangeof-motion and strengthening exercises). All patients with stress fractures were initially immobilized in a sling and restricted from sport until there was radiographic evidence of healing and resolution of pain. Fracture healing was determined using serial radiographs in all patients except for the baseball pitcher with a stress fracture [15] , for whom a CT scan showed healing. No complications following conservative management were reported. None of the studies mentioned the use of pharmacologic or nonpharmacologic adjuncts such as vitamin D, calcium, or teriparatide. Operative management was performed in one athlete sustaining a fracture during badminton utilizing a tension band construct three days after injury [24] . By 4 months post-operatively, the fracture was noted to be well-healed and the athlete was able to return to sport without restrictions. The athlete underwent planned removal of internal fixation 8 months following surgery, with no reported complications at final follow-up.
Mean time for return to sport was 2.5 ± 1.1 months (range, 0.75 to 4 months), while return was not recorded in two studies [2, 25] . Athletes sustaining acute fractures returned to sport 2.6 ± 1.3 months following injury, while those with fatigue fractures returned at an average of 2.3 ± 0.4 months. No significant difference was detected in return to sport based on fracture mechanism (p = 0.72). Mean time to return to sport in athletes treated conservatively was 2.3 ± 1.0 months, compared to 4 months for the single athlete treated with fixation.
Discussion
The principle findings from this review were that scapular body fractures are rare and sustained primarily due to acute trauma during sport. Conservative treatments were successful without complications in 90% of fractures. No significant differences in mean time to return to sport were reported in athletes sustaining acute versus fatigue fractures. This study represents the largest review of athletes sustaining scapular body fractures during sporting activities.
This study was not without limitations. The small sample size was related to the strict inclusion/exclusion criteria. No meaningful statistical analysis could be performed on returnto-play timing between athletes treated operatively and conservatively due to the small sample size of athletes treated operatively (n = 1) [12] . Due to the inherent heterogeneity of reported data, studies varied in the degree of detail offered regarding injury mechanism, fracture pattern, treatment method, and outcomes, which limited our ability to conduct meaningful statistical analysis assessing these variables. Finally, the outcomes reported in this review are derived exclusively from case reports in athletes, limiting the generalizability of these findings to a larger population and those sustaining scapular body fractures from high-energy mechanisms. However, this limitation also speaks to the rarity of this injury and the associated paucity of evidence on treatment.
Scapular body fractures generally occur from direct trauma to the shoulder girdle from high-energy mechanisms such as motor vehicle accidents and falls from height [9, 10, 12] . As a result, a reported 80 to 96% of patients sustaining scapular body fractures possess associated injuries to the ipsilateral limb, shoulder girdle, or thorax [1, 5, 8, 14, 18, [20] [21] [22] [23] . Concomitant injuries most commonly include rib fracture, hemopneumothorax, pulmonary contusion, head injury, and clavicle fracture [1] . No patient in this investigation was found to possess additional injuries, likely due to injuries occurring from low-energy mechanisms secondary to vigorous muscle contractions against a resisted force in the upper extremity. However, due to the close proximity of the scapula to vital structures, all patients with scapula fractures require careful evaluation for additional injuries.
A number of classification schemes for scapula fractures have been proposed. Hardegger et al. proposed a scheme in which fractures are classified on eight anatomic categories based on involvement of the scapular body, glenoid rim, glenoid fossa, anatomical neck, surgical neck, acromion, scapular spine, or coracoid process [10] . Meanwhile, the fracture classification proposed by Ada and Miller stratifies fractures into four anatomic locations: (1) fractures of the acromion, coracoid, and scapular spine; (2) fractures of the scapular neck; (3) intraarticular fractures of the glenoid rim and glenoid fossa; and (4) fractures of the scapular body [1] . Scapular avulsion fractures caused by vigorous muscle contraction against a resisted force have been described by Heyes-Moore and Stoker in their case series of seven patients, leading the authors to suggest avulsion-type fractures be classified as a separate group [13] . In our study, three of seven (43%) acute fractures were described as avulsions from the muscular insertions off the scapula [2, 3, 19] . Consistent with the injury mechanism proposed by Heyes-Moore and Stoker, avulsion fractures in our study were all sustained from muscle contraction against a resisted force in the upper extremity.
Fatigue fracture of the scapular body is unique to the sporting population. These injuries occur from repetitive trauma across the bone or secondary to muscular contractions causing microfractures to the scapula [13] . While bony callus formation may be seen on radiographs weeks or months after the onset of symptoms, advanced imaging such as computed tomography, magnetic resonance imaging, or NR not recorded bone scan is necessary for diagnosis of scapular fatigue fracture. Our investigation identified three reports of fatigue fracture for which conservative management was successful without complications [7, 11, 25] . Studies examining treatment of scapular body fractures have generally reported favorable outcomes with non-operative management [1, 8, 10, 13] . Both Goss et al. and Hardegger et al. acknowledge that the vast majority of scapular body fractures are minimally displaced due to the thick, strong support provided by surrounding muscle masses [8, 10] . Reported treatment guidelines for scapular body fractures recommend shortterm immobilization in a sling and swathe for comfort, followed by early progressive range-of-motion exercises as pain subsides [1, 8, 10] . Even with widely displaced scapular fractures, this symptomatic treatment approach produces reliable fracture healing with restored shoulder function [23] . Operative management is generally reserved for glenoid fracture/dislocation, unstable fracture of the scapular neck, and significantly displaced apophyseal fracture, for which non-union, malunion, and late disability are reported with conservative management [10, 23] . Results from this study corroborate the use of nonoperative management for scapular body fractures, as 90% of fractures were managed conservatively with favorable outcomes.
In conclusion, scapular body fractures secondary to sporting activities are rare, occurring primarily from muscle contraction against a resisted force in the upper extremity during contact sports. Unlike fractures in the non-sporting population, scapular body fractures in athletes occur primarily from low-energy mechanisms without associated injury; conservative management is often successful. No difference in return-to-sport time was appreciated, regardless of fracture mechanism.
